The role of cysteine 41 in the enzymatic activities of the pertussis toxin S1 subunit as investigated by site-directed mutagenesis.
The S1 subunit (Mr 28,000) of pertussis toxin expresses thiol-dependent enzymatic ADP-ribosyltransferase and NAD-glycohydrolase activities. Site-directed mutagenesis experiments were performed on the codon for Cys-41 of this subunit to investigate the role of this residue in both enzymatic activities. Deletion of Cys-41 caused a decrease in both activities below detectable levels, whereas replacement of this residue by serine, glycine, proline, or asparagine only slightly reduced the activities. The enzymatic activities of these mutants were thiol-independent. The deletion of Ser-40, adjacent to Cys-41, again caused reduction of the enzymatic activities to undetectable levels. Steady-state kinetic experiments showed that the kcat of the mutant protein in which Cys-41 was replaced by glycine was nearly identical to the kcat of the parent version. However, the Km for NAD of the mutant was significantly higher relative to that of the wild type version. These results indicate that the side-chain of Cys-41 is not essential for enzymatic activities and that Cys-41 is not involved in the rate of catalysis but is probably located at or close to the NAD-binding site. The introduction of a negative charge at position 41 through the replacement of Cys-41 by either aspartate or glutamate reduced the enzymatic activities to very low but measurable levels, suggesting a charge-charge repulsive interaction between these residues and possibly one or both of the phosphates of NAD. Cys-41 may therefore be located close to the phosphate subsite of the NAD-binding site.